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tered near the northwest, northeast, southeast, and
southwest corners of the State. It will be seen that the
movement of a storm approximately along the northern
border seldom produces precipitation over the ‘‘dry
belt,” while those that move along the southern horder
seldom fail to produce precipitation over the same area.

Of 16 Lows that crossed the 105th meridian south of
latitude 35°, 14 or 88 per cent produced precipitation
over this region, while of 21 rows that crossed the 105th
meridian between latitudes 35° and 40°, only 3 or 14 per
cent produced precipitation over the *“ dry belt.”

The late winter and early spring of 1912 furnished an
unusually large number of the latter type of Lows, there
being no less than 10 of them within a three-months’
period, all of which failed o cause precipitation over the
region under discussion.

As illustrations, attention is invited to the weather
maps of the following dates in the year 1912: February
20 and 24-25, March 2-5, 10-12, 13-14, and 20-24, April
19-20 and 27-28, and May 10-11. The storms of these
dates caused general precipitation over their southeast
and southwest, but missed the southern portion of the
east mountain slope altogether.

One of these, the storm of Mareh 11-12, is reproduced in
connection with this discussion (fig. 6). It shows clearly
this peculiarity in the precipitation area. A similar con-
dition is illustrated in the combined maps of February
12-13, 1915 (fig. 7). With both of these storms the dry
area extended northward into Colorado, but it was
usually the case among the numerous types studied, that
the dry arca was somewhat more limited than this. The
composite maps of the storms moving north of parallel 35
illustrate fairly woll the average frequency of preecipita-
tion over this area and over the contiguous regions to
the east, north, and west.

The combined maps of February 24-25, 1912 (fig. 8),
give an example of a Low being forced southeastward
across New Mexico by incoming high pressure over the
north, and producing general precipitation over the “ dry
belt,”” which would not have occurred had the Low moved
normally eastward. Compare the first position of this
Low (black of fig. 8) with the composite map of Lows in
that position (fig. 2); also with the Lows of March 11,
%«1912 (black of fig. 6), and February 12, 1915 (black of

. 7.

gTh(Zrefore the following general rule, applying only to
the area undor discussion, may be stated: A storm area
passing over or near New Mexico does not usually causc
precipitation south of its center.

Another condition that frequently produces precipita-
tion over this region is a high-pressure area moving south-
eastward to Kansas or Oklahoma, preceded by southeast
or east winds over this locality. The precipitation is
generally light, and probably would not be of importance
were it not for the fact that it occurs when conditions are
strongly indicative of fair weather. When the incoming
high- pressure area causes a lar%e fall in temperature,
precipitation may occur when the preceding humidity
conditions are no more than normal. But usually 1t
requires a preceding southeast or east wind, which seldom
fui(}s to increase the humidity over the region in question.
Many such HiGHS cause overcast skies over southeastern
New Mexico even when precipitation is absent.

A composite map of fourteen miGHs, with their attend-
ant precipitation areas, is here presented (fig. 9). In
constructing this map, only such HicHS as caused precip-
itation in western Texas or southeastern New Mexico were
used. Hiems of this class often bring about local rain
in southeastern New Mexico when the skies are clear over
the contiguous regions.
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FOG IN RELATION TO WIND DIRECTION ON MOUNT
TAMALPAIS, CAL.
By HerserT II. WRIGHT, Assistant Obsorver.
[Dated: Weather Burean, Mount Tamalpais, Cal., Feli. 15, 1916.]

The summit of Mount Tamalpais, rising to 2,600 feet
above the Pacific Ocean within a distance of about 8
miles from the shore, possesses a distinet advantage for
observational purposes over many other places that far
exceed it in height. Owing to its proximity to so large
a water surface it is specially suim{»le for ohserving and
studying fog.!

Fog may be defined as visible particles of moisture
floating in the atmospherc. In the vieinity of Mount
Tamalpais fog usually occurs at an altitude of from 500
to 1,000 feet. It is therefore plainly visible from the
Weather Bureau observatory near the summit of the
mountain.

While fog occurs oftener and prevails for longer periods -
of time during the summer months, it occurs to some
extent at all seasons. Table 1, compiled from records by
the Weather Bureau on Mount Tamalpais, for the six
years, 1910 to 1915, inclusive, shows tho number of days
In each month on which fog was observed in varying
amounts below the elevation of the station. It will be
seen from this table that the greatest percentage of fog
occurs during the summer season.

TasLE 1.—The number of days in each month on which fog was observed
below the Weather Burcau station on Mount Tamalpais, Cal., 19101915,
inclusive,

5
Year. 4 sle|glsialg|ls|ls]le| 8
g2 |l 2|82 ¥la]lg|5]|8
I Z|g|E|2 |2 |E|3|%|&]| &
.Days|Days|Days| Days: Days: Days| Days| Days|Days|\Days|Days| Days.
S| 7 181 19¢ 20| 27| 23| 30| 23| 16| 14 (] 211
4 7] 13 91 26| 20 27 19| 11| 11 [} 162
s 5 4 16| 13| 27| 28| 14 [] [ 7 136
10 14 16| 22| 25) 27| 25} 17| 16| 10 12 199
0 10{ 10| 24| 25| 3| 29| 19| 14 8 [} 182
2 6] 11| 18| 25| 26| 26 20| 20| 32 7 178
Sums......... 26| 31| 58| 73 (109 | 142 [ 167 | 163 [ 112 | 83| 61 | 44| 1,068
Means........ 4352197 (12,2 118.2 (23,5 (27.8 127.2 [1S.7 [13.8 10,2 [ 7.3 178

Whon a mass of air has been cooled to its dewpoint or
lower, some of its invisible moisturoe condenses to form
a visiblo cloud or fog. One of the various ways in which
this cooling may be aceomplished is that of the mixing
of masses of air having different temperatures and rela-
tive humiditics. In this process the character and the
direction of the wind play a very important part. En-
tirely differont conditions result when the warm air is
driven out over the water to meet tho cool air there than
when the cool, moist air is carried shoreward, there to
mix with the warmer air over the land. Mere direction
alone, however, does not determine this; the character of
the wind must also be considered. Fog very seldom
forms when the wind is blowing from the cast.

These east or northeast winds are not common along
this coast, and occur only when a woll-developed area
of high prossure overlies Nevada and adjacent States.
In the summer the air over the somiarid regions of
Nevada and Utah becomes exceedingly warm and dry.
Owing to the barometric gradient this warm, dry air flows
down over California, and owing to the adiabatic hoating
often reaches the coast even warmer than when it started.
Thus this air, under the influence of the cast wind, goes
out to mix with the cool air over the ocean, and heing
so dry has an enormous capacity for water vapor. Tho
resultant temperature of the mixture is not low enough

1 See the papers by Me.idie, beautifully Mustrated, in this REVIEW for 1900, 28 253-6;
492-3; and 1901, 29: 24-5; $1-3; 104-6; and Weather Bureau bulletin #L".—C. A. jr.
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to produce saturation and no fog appears. This is true
during the winter season as well as the warmer part of
the year. An anticyclone over Nevada in winter usually
results in clear, cold weather for California, in contrast
to the warming effect experienced in summer under a
similar distribution of pressure. While these northeast-
erly winds are extremely cold, they are as a rule quite
free from moisture and are able to absorb considerable
water vapor before becoming saturated, but of course
not to the extent that we find in summer when tho air is
both dry and warm.

Table 2 gives an idea of the difference in temperature
and relative humidity during the summer between the
land air and the air over the ocean. Point Reyes Light,
22 miles northwest of Mount T amalpais, is on a point of
land extending hall a mile or more into the Pacific, and
the Weather Bureau station there is on a bluff only 490
feet above sealevel. The record for Mount Tamalpais
was made at an elevation of approximately half a mile
(H=2,375 feet).

The facts (a) that the specific heat of water is large,
(b) that clear water is deeply penetrated by solar radia-
tion, and (¢) that much of the heat absorbed is consumed
by evaporation, combine to keep water temperatures
from rising very high.. Hence both radiation by the
water and heat conduction from it are kept correspond-
ingly low. The land, on the other hand, is rapidly
heated and almost as rapidly warms the lower layers of
gir by radiation and conduction. Then by subsequent
convection the air is heated to a considerable altitude.
It bas been observed that fog is more likely to occur
when the temperature above 1s higher than at sealevel.
Also that fog probability varies directly as the difference
in temperature between the lower and upper air layers
increases.

TasLE 2.—Comparison of daily temgemtures and relative humidities at
Mount Tamalpais and at Point Reyes Light, Cal., during August,

1914.
Temperatiires.
Mean relative
1l - humidity.
Maximum. Minimum, Mean
Date.
Mount | ps Mount Mount : Mount :
| Point | Point | Point | 7,007t Point
'l;)“a'!‘;al Reyes. 1;’;%’_“ Reyes. '];,ﬁ‘_‘l Reyes ’1;’“%‘_“ Reyes.
°F. °F. °F. °F. °F. °F. P.ct. | P. et

91 48 74 49 82 a8 85
80 55 49 48 64 &2 23 a5
72 65 43 54 60 60 e 84
8 55 65 49 74 52 33 99
90 55 72 50 81 52 do 86
&2 58 7l 50 7 54 22 S0
83 57 66 50 ke 24 sl
67 57 52 60 54 62 96
71 51 53 61 56 42 6
] 57 66 62 i o4 51 92
86 58 70 51 78 54 27 92
79 57 52 74 54 91
7 58 67 52 72 55 al
80 60 71 52 76 56 42 85
82 a9 73 53 It 56 16 84
58 72 50 78 54 14 78
81 57 65 50 73 54 30 8n
72 54 60 43 (] 51 38 92
62 58 46 51 54 54 60 n
72 58 67 49 64 54 47 §5
0 56 62 49 Tl 52 38 100
52 5D 72 49 T 52 32 94
S¢ 55 68 A9 74 52 34 91
70 56 46 50 5% 53 34 94
69 55 58 49 i 52 34 95
67 55 45 50 56 52 37 95
7 60 50 66 52 59 9%
7 53 55 50 66 52 51 1

76 54 65 49 ki) 40
a8 53 48 49 58 51 83 1
54 56 45 50 50 53 87 93
76 57 61 50 69 54 39 91
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The greatest differences in temperature and relative
humidity between the masses of air in question are to
be found during the summer season. Owing to the
shortness of the days in winter, the land surfaces can
not absorb as much heat as they radiate into space dur-
ing the long nights. This, together with the fact that
the sun is so far south of the Equator, causing a small
angle of incidence to the rays received, does not per-
mit the warming of the air over the land to any great
height. In fact, the ocean air is now warmer than the
air over the land, as will be seen by referring to Table 3.

During the summer, when the air over the ocean is
cooler than that over the land in the vicinity of Mount
Tamalpais, the prevailing west wind produces a mixing
of air masses differing greatly in temperature. Fog then
forms when the 1'0311ﬁ.i11g temperature is at the dewpoint
of the air mass or lower. Thus the wind direction, and
consequently its character, which is determined by the
direction, are great factors in the production of fog.
From May to September the familiar land- and sea-hreeze
prevails. By referring again to Table 1 it will be ob-
served that it is during this period that fog is most fre-
quent. The sea-breeze begins early in the forenoon and
with it comes the fog. It often lasts well into the night.
The land breeze is the weaker of the two and sometimes
fails altogether. It is then too weak to reverse the action
of the sea-breeze and little if any fog is dissipated during
the night. The popular impression is that the wind
“goes down’’ late in the evening and the land breeze,
being so weak, is not felt.

TaBLE 3.—-C’omipar-iso-n of daily temperatures and relative hwmidilies at
Mount Tamalpais and at Point Reyes Light, Cal., during January,

1916.
Temperatures.
Mean relative
i humidity.
Maximum. Minimum. Mean
Date.
Mount Mount . Mount : Mount
0 Point Point Point. Point
Tamal- - Tamal- " Tamal-| ras || Tomal-
pais. Reyes. pais. Reyes. pais. Reyes. pais. Reyes.
°F. °F. °F. °F. °F. °F. P.cl. | P.et
33 49 30 42 34 46 100 86
47 52 36 42 42 47 100 100
43 52 37 44 40 48 100 92
42 54 35 41 38 48 100 7
39 51 34 44 36 48 100 89
10 L2 35 42 38 47 93 85
41 50 38 44 40 47 100 90
43 50 37 44 40 47 100 95
39 51 32 41 36 468 29 100
33 45 2 35 31 40 93 77
37 47 30 42 31 44 74 76
40 46 32 40 36 43 92 100
43 46 38 43 40 44 100 100
43 48 33 42 38 45 98
38 50 32 41 35 46 99 80
44 &0 36 43 40 46 92 82
43 50 34 43 3% 46 98 72
35 47 32 40 34 44 92 23
39 48 32 40 36 44 96 92
39 51 32 42 36 46 2 91
38 49 34 42 36 46 98 o
46 49 38 42 42 46 100 100
47 52 44 45 46 48 100 100
458 o4 44 49 45 50 100 100
46 50 32 44 39 A7 92 80
34 445 223 40 31 43 80
39 48 27 36 33 42 100 93
32 15 27 35 30 40 91 94
2 44 27 35 30 40 92 91
36 47 27 37 32 42 92 8
40 52 30 37 |t 35 4+ 64 ]
Meat....oouo.. ... o| s u| | & s u| w
|

In observing the formation of fog from Mount Tamal-
pais it has been noticed that the fog often starts a short
distance from the shore and then comes inland. Occa-
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sionally the fog forms as far as 20 miles out at sea, in-
creasing in amount as it comes steadily landward in the
form of a high bank or wall. This formation is probably
of different origin from that referred to in the preceding
paragraphs. It is due no doubt to the upwelling of rela-
tively cold water some distance offshore. The ocean
air, already near the point of saturation, is cooled to its
dewpoint when it comes in contact with this relatively
cold water. The fog then formed persists unbroken for
long periods of time. When the air in which this fog
floats is drawn inland to replace the heated air rising over
the hot interior valleys in summer, this fog, already
formed, moves inland with it and does not dissipate
until the sun literally dries it up from above. The wind
direction naturally determines whether or not fog of this
kind comes inland.

A marked case of fog formation and dissipation with
relation to the shifting of the wind occurred in December,
1915. On the 20th the temperature on the mountain
began to rise slowly. The following morning at 5 o’clock
the thermometer recorded almost 1 degree higher than
the preceding afternoon. Also consigera.ble fog had
formed below at an elevation of about S00 feet. By
5 p. m. the temperature had risen to 54°F., and condi-
tions resembled those usually present during the summer
months, the period of greatest fog prevalence below.
Early the following morning the wind changed to the
northeast, and by mid afternoon the fog had dissipated.
At 5 a. m. the next day, December 22, it was observed
that some fog had formed during the night. The tem-
perature here was 53°F., while at San Francisco, 14
miles southeast of here, it was 50°F. The wind during
the night and up to 7 o’clock in the morning was from
the north, when it vecred to the northeast. By 8:30
a. m. the fog helow had disappeared. The temperature
continued to rise, and reached 59°F. in the middle of the
afternoon, and was 57°F. at 5 p. m. At San Francisco
the temperature at 5 p. m. was 60°F., and had been as
high as 64°F. in the middle of the day. No fog formed
during that day. Soon after noon the wind hacked to
the northwest and continued from that quadrant until
9 a. m. of the 23d. At 5 o'clock that morning the tem-
perature on the mountain, which represents the temper-
ature of the upper air, was 56°F., equal to temperatures
on many mornings in the middle of summer.” At San
Francisco the temperature at tho same time was 51°F.
About half the surrounding country was covered with
fog. The wind swung to the northeast at 9 a. m., re-
maining there till 1 p. m., when it backed to the north.
The fog cleared away before noon. The weather re-
mained warm throughout the day, the wind continuing
light from the north until 4 a. m. of December 24, when
it veered to the northeast, remaining there until 11 a. m.
Very little fo%iformed during the night. At 5 o’'clock
that morning the temperature%lere was 54°F., while at San
Francisco it was 10 degrees lower. By 3 p. m. a fog bank
could be seen about 20 miles out on the ocean, moving
landward. Signs of the wind backing to the northwest
were noticed at 3:30 p. m. By 5:30 1t had gone to the
northwest, and by 7 p. m. the direction was west. Also
by 5 p. m. the fog had reached the shore and in another
hour completely covered the ocean and land to the south
and southeast of Mount Tamalpais. The temperature fell
during the night of the 24th, heing 49°F., at 5 a. m. of
the 25th. At San Francisco it was 1 degree warmer.
Simultanecusly with the return to normal winter tem-
peratures, 1. e., warmer at sealevel than at higher alti-
tudes, the fog began to dissipate and was gone by mid-
afternoon.
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The foregoing case bears out the hypothesis that the
temperature of the upper air must be higher than that of
the lower to produce proper conditions for fog formation,
and also shows the part the dircetion of the wind plays
with regard to fog formation and dissipation.

ON THE SO-CALLED CHANGE IN EUROPEAN CLIMATE
DURING HISTORIC TIMES.!

By II. U, HiLpEBRANDSSON,

|Presented to the Royal Soclety of Sciences of Upsala, Nov. 5, 1915.]
INTRODUCTION.

It is a well-established fact that climate has undergone
very great changes in all the lands of the world during
those distant times with which geologists are concerned.
Even during the relatively short period that has elapsed
since the end of the glacial epoch it has been possib'}e to
verify quite considerable variations in the Scandinavian
countrics. For example, it is well established that since
the glacial cpoch the climate of Sweden was at one time
much warmer than it is to-day. In the peat-bogs have
been found hazelnuts or filberts (Corylus avcllana) as far
as Lapland, the Trapa natans cccurred in the lakes of
Sweden up to the latitude of Upsala, and stumps of pine
trees are found in the Scandinavian Alps up to the pres-
ent limits of the birches, ete. These climatic variations
are explained by the great changes in distribution of land
and sea. It is clear that the cimate must have been
other than as it is at present when the Baltic occupied
the greater portion of southern Sweden, and that it must
have been different when this great lake was filled with
fresh water than it was ai the time when it formed a gulf
of the sea filled with salt water. Archsologists find that
the peninsula has had almost the same coast line—except
the coasts of Norrland—since the beginning of the Iron
Age, that is, at a period estimated as preceding our own
by 2,500 years. Since that epoch there has been no nota-
ble change in the distribution of land and water. It
remains to determine whether the climate has undergone
a change during this period, i. e., historie times.

This question has been the subject of lively discussion
for a long time and in recent years it hes become some-
what acute, particularly through the recent rescarches
of O. Pettersson. He seeks to prove that our climate un-
dergoes a secular variation of about 18 centuries, due to a
corresponding variation in the heat given out by the sun.
This theory has called forth other researches concerning
which we shall speak below.

Here I shall endeavor to present the results arrived at
by a study of the question. Wae shall not consider acci-
dental or periodic variations which are well recognized
and exist everywhere. In every country there are years,
even series of years, which are warm or ¢old, dry or moist,
etc., and several more or less regular periods have been
shown to exist, such as that of Briickner, that of solar
spots and other shorter ones recontly studied by Wallén.
In the present study we shall endeavor to determine whether
or not there has been a continuous change <n climatc in one
direction during historie timeg; in other words, whether the
climate of Enrope is improving or deteriorating.

The question would be easily answered if we had con-
tinuous meteorological observations from several cen-
turies back down to the present. But even the inven-
tion of meteorological instruments goes back scarcely

L Translated from Nova Acta Regie Societatis Scientiarum Upsaliensis, Serieg 1V,
v. 4, no. 5, Upsalg, 1915. 31 p., 3 pl. {1°—cC. A,,jr.



